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SPECIFICATION 

1 . Title of the Invention 

HIGH STRENGTH ALUMINUM ALLOY AND METHOD FOR PRODUCING 
HIGH STRENGTH ALUMINUM ALLOY MATERIAL 

2 . Patent- Claims 

1. A high strength aluminum alloy comprising Cu : 3 
to 5 %, Mg: 0.5 to 2 %, Zn: 1 to 3 %, Ti: 0.03 to 
0.20 %, and B: 0.001 to 0.006 % by weight as well 
as one or two or more of Mn: 0.1 to 0.5 %, V: 0.05 
to 0.20 %, Zr: 0.05 to 0.30 %, Cr: 0.05 to 0.20 % 
by weigh, and the rest of said aluminum alloy 
comprising Al and unavoidable impurities . 

2. A method for producing aluminum alloy comprising 
steps of ingoting said aluminum alloy having a 
chemical composition comprising Cu: 3 to 5 %, Mg: 
0.5 to 2 %, Zn: 1 to 3 %, Ti: 0.03 to 0.20 %, and 
B: 0.001 to 0.006 % by weight as well as one or 
two or more of Mn: 0.1 to 0.5 % , V: 0.05 to 0.20 % , 
Zr: 0.05 to 0.30 %, Cr: 0.05 to 0.20 % by weigh, 
and the rest of said aluminum alloy comprising Al 
and unavoidable impurities; subjecting the 
aluminum alloy material having said chemical 
compos it ion to a liquefying process in a 
temperature raging from 4 80 degree C to 54 0 degree 
C; and, then, subjecting said aluminum alloy 
material to one step or two or more steps of ageing 
treatment with a temperature in the range from 130 
degree C to 200 degree C. 



The method for producing aluminum alloy as claimed 
in Claim 2, in which cold working having a working 
rate of 8 % or below is applied between said 
liquefying process and said ageing treatment. 

3. Detailed Description of the Invention 

[Industrially Applicable Field] 

The present invention relates to high strength 
aluminum alloy being excellent in weldability and 
strength, and the method for producing said high 
strength aluminum alloy material. 

[Prior Art] 

Aluminum alloy has been employed as a low temperature 
structural material because which is not only light 
but also does not tend to cause brittle fracture. For 
example, Al - Cu type 2219 alloy has been used in a 
liquid fuel tank for a rocket, Al - Mg type 508 3 alloy 
has been used in a tank for transportation of liquefied 
natural gas. Since these alloys are used as a sealed 
structure, they are assembled with each other by 
welding. Since said 2219 and 5083 alloys exhibit more 
excellent weldability than other aluminum alloys, 
they are widely used as a material for a tank and the 
like . 

[Problems to be Solved by the Invention] 

Even though 2219 and 5083 alloys exhibit excellent 
weldability as described in above, their strength are 



r 
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relatively low and they must have thick wall to be used 
as a structure, thereby increasing the resulting 
weight. It is the first condition to lightning their 
weight to be employed in a rocket and the like, however, 
conventional materials can not suffice the 
requirement of lightning. 

On the other hand, Al - Zn~ Mg- Cu type 7075 alloy is 
well known as a high strength alloy to a structure, 
however, it is a disadvantageous for this type of alloy 
to have inferior weldability. 

As described in above, conventional aluminum alloys 
have not satisfied the requirements of both 
weldability and strength. 

Consequently, the present invention has been attained 
to solve the problem in above and an object of which 
is to provide high strength aluminum alloy 
advantageous to weldability and strength, and a method 
for producing high strength aluminum alloy material. 

[Means for Solving the Problem] 

The summary of the present invention is as follows: 

(1) A high strength aluminum alloy comprising Cu: 3 
to 5 % , Mg: 0 . 5 to 2 % , Zn: 1 to 3 %, Ti: 0.03 to 0.20 %, 
and B: 0.001 to 0.006 % by weight as well as one or 
two or more of Mn: 0.1 to 0.5 %, V: 0.05 to 0.20 %, 
Zr: 0.05 to 0.30 %, Cr: 0.05 to 0.20 % by weigh, and 
the rest of said aluminum alloy comprising Al and 
unavoidable impurities . 



(2) A method for producing aluminum alloy comprising 
steps of ingoting said aluminum alloy having a 
chemical composition comprising Cu : 3 to 5 %, Mg : 0.5 
to 2 %, Zn: 1 to 3 %, Ti: 0.03 to 0.20 %, and B: 0.001 
to 0.00 6 % by weight as well as one or two or more of 
Mn: 0.1to0.5%, V: 0.05 to 0.20 I, Zr: 0.05 to 0.30 I, 
Cr: 0.05 to 0.20 % by weigh, and the rest of said 
aluminum alloy comprising Al and unavoidable 
impurities; subjecting the aluminum alloy material 
having said chemical composition to a liquefying 
process in a temperature raging from 4 80 degree C to 
540 degree C; and, then, subjecting said aluminum 
alloy material to one step or two steps or more of 
ageing treatment , in which cold working having a 
working rate of 8 % or below is applied between said 
liquefying process and said ageing treatment at need. 

In the present invention, Cu, Mg and Zn are essential 
elements for enhancement of the strength, and Mn, V, 
Zr, Cr and Ti are elements required for the retention 
of ductility and weldability of a base material. 
Moreover, B is an element needed to miniaturize a 
structure. The reason why these components are limited 
into these range will be explained one by one in below. 

(1) Cu: 

When the content of Cu is less than 3 % (by weight, 
herein after, the same as this), sufficient strength 
can not be obtained. On the other hand, when the content 
is over 5 %, the ductility and weldability would be 
deteriorated. Thus, the content of Cu should be 
limited into the range from 3 to 5 % . 

(2) Mg: 



When the content of Mg is less than' 0.5 %, sufficient 
strength can not be obtained. On the other hand, when 
the content is over 2 %, the ductility and weldability 
would be deteriorated. Thus, the content of Mg should 
be limited into the range from 0.5 to 2 %. 

(3) Zn: 

When the content of Zn is less than 1 %, sufficient 
strength can not be obtained. On the other hand, when 
the content is over 3 %, the ductility and weldability 
would be deteriorated. Thus, the content of Zn should 
be limited into the range from 1 to 3 % . 

(4) Mn, V, Zr, Cr: 

When the content of Mn is less than 0.1 %, the content 
of V is less than 0.05 %, the content of Zr is less 
than 0.05 %, and the content of Cr is less than 0.05%, 
the effect for controlling r e c r y s t a 1 1 i za t i on is small 
to cause deterioration of ductility. Further, 
contents of these components are below the lowest 
limit of these ranges in above, weld cracking tends 
to be occurred. Moreover, when the content of Mn is 
over 0.5 %, the content of V is over 0.2 %, and the 
content of Zr is over 0.3 %, bulky crystals tend to 
be generated to lead the deteriorated ductility. 
Further, and the content of Cr is over 0.2%, harden 
ability will be lowered. When Mn, V, Zr and Cr are 
contained in the alloy at most by 0.5 % or less, 0.2 % 
or less, 0.3 % or less and 0.2 % or less, respectively, 
weld cracking can be controlled. Therefore, these 
maximum contents are enough for these components 
contained . 



Thus, the content of Mn should be limited into the range 
from 0.1 to 0.5 %; the content of V should be limited 
into the range from 0.05 to 0.20 %; the content of Zr 
should be limited into the range from 0.05 to 0.30 %; 
and the content of Cu should be limited into the range 
from 0.05 to 0.20 % . 

Additionally, when two or more of these four elements 
are contained in combination, the effect will not be 
deteriorated. Thus, these elements can be contained 
in combination. 
(5) Ti and B: 

Ti and B will be precipitated as TiB 2 and contribute 
to miniaturize a structure. However, when the content 
of Ti is less than 0.03 % and the content of B is less 
than 0.001 %, the desired effect can not be obtained. 
Further, Ti is also an element of improving 
weldability. However, when the content of Ti is over 
0 . 20 % , the effect will be saturated. On the other hand, 
when the content of B is over 0.006 %, the effect of 
miniaturizing a structure is saturated. Thus, the 
content of Ti should be in the range from 0.03 to 0.20 % 
and the content of B should be in the range from 0.01 
to 0.006 % . 

Next, the condition of heat treatment will be 
explained . 

The alloy of the present invention is an alloy of being 
thermally treated which is subjected to liquefying 
process and ageing treatment after hot working for 



practical use thereof. 

When the temperature of liquefying process is less 
than 480 degree C, solution of elements for enhancing 
the precipitation is not enough to achieve sufficient 
strength. On the other hand, when temperature of 
liquefying process is over 540 degree C, partial 
melting is occurred. Thus, temperature of liquefying 
process should be limited to the range from 480 degree 
C to 540 degree C. 

When cold working after liquefying process is 
eliminated, sufficient strength can be obtained. When 
cold working is performed, the precipitated 
composition will be homogeneous and fine, therefore, 
more improved strength can be obtained. However, when 
the working rate of said cold working is over 8 %, the 
effect obtained by the cold working is saturated* Thus, 
the working rate of said cold working should be 8 % 
or less . 

When the temperature of ageing treatment is less than 
130 degree C, the precipitate phase for enhancement 
is not grown enough to enhance the strength. On the 
other hand the temperature of ageing treatment is over 
200 degree C, rapid hardening and following softening 
tend to be occurred which will lead difficulty of 
obtaining stable precipi fated composition. Thus, 
temperature of ageing treatment should be limited to 
the range from 130 degree C to 200 degree C. 

When two or more degrees in the rage from 130 to 200 
degree C for the temperature as performing ageing 



treatment by two or more steps, ageing can be more 
accelerated than that of single step ageing. Therefore, 
high strength can be obtained in shorter time. In this 
manner, a multiple step ageing is also effective. 

[ Example ] 

Next, the present invention will be explained in more 
detail by examples . 

| [Example 1] 

Alloy No. 1 through No. 6 of the present invention 
having compositions and comparative alloy No. 7 
through No. 15 (in which, No. 14 and No. 15 are 
conventional 2219 compound metal and 7075 compound 
metal) shown in Table 1 were ingoted and subjected to 
hot rolling to be plate materials having a thickness 
of 12 mm. Next, samples were prepared by subjecting 
said plate materials to heat treatment under optimum 
heat treatment condition corresponding to each alloy 
composition (shown in Table 2). Then, tensile tests 
in a room temperature and under the temperature 
condition of 4.2 K in helium, respectively, were 
applied to each sample to determine strength, 
ductility and notching yield ratio and evaluate 
toughness. The results are shown in Table 2. The 
notching yield ratio was defined as "tensile strength 
of notched piece of each test sample / yield strength 
of unnotched piece of each test sample". Furthermore, 
the factor of stress concentration for notched piece 
of each test sample was 26. 



Moreover, each test piece was subjected to fish bone 
test to determine weldability. Fish bone test , as 
shown Fig. 3, a fish bone test piece 1 having different 
depth cut cuts 2 by equal interval was used in TIG 
welding test (250 A, 40 cm/ min. ) to determine the rate 
of weld cracking length to the total welded length 
(weld crack rate) , thereby evaluating weldability. 
The result is shown in Table 3. 

As shown in Table 2, alloys No. 1 through No. 6 of the 
present invention exhibited higher strength than that 
of comparative alloy No. 14 of Comparative Example 3, 
as well as, the same as in ductility and rigidity. On 
the contrary, comparative alloys No. 7 and No. 10 were 
more highly strong because of their high contents of 
Cu and Mg that were out of the upper limit of the range 
of the present invention. However, they were inferior 
to the alloys of the present invention in ductility 
and toughness. Comparative alloy Nos. 8, 9 and 15 
exhibited good ductility and toughness because of 
their contents of Cu, Mg and Zr were out of the lower 
limit of the range of the present invention. However, 
they were inferior to the alloys of the present 
invention in strength. 

Further, as shown in Table 3, weld crack rates of alloy 
Nos. 1 to 6 of the present invention were. 35 to 43 % 
and which were mostly the same as that of comparative 
alloy No. 14 of Comparative Example 3 and exhibited 
more excellent weldability than that of comparative 
alloy No. 15 of Comparative Example 4. On the contrary, 
comparative alloy No. 12 of Comparative Example 5 
having the content of Zn being out of the upper limit 



of the range of the present invention and comparative 
alloy No. 13 of Comparative Example 2 not containing 
Mn, V and Zr and having the content of Ti being out 
of the lower limit of the range of the present invention 
were inferior to the alloys of the present invention 
in weldability. 



Table 1 (wt. %) 



Alloy 
No. 


Cu 


Mg 


Zn 


Ti 


B 


Mn 


V 


Zr 


Cr 


Remarks 


1 


4.7 


0.6 


1.0 


0.04 


0.003 


0.30 


0.18 


0 


0 


Ex. of the invention 


2 


3.6 


1.8 


2.5 


0.03 


0.003 


0 


0 


0.20 


0 


Ex. of the invention 


3 


4.0 


0.8 


2.0 


0.04 


0.003 


0.30 


0.10 


0.15 


0 


Ex. of the invention 


4 


4.1 


1.7 


2.0 


0.05 


0.004 


0.25 


0.10 


0.10 


0.10 


Ex. of the invention 


5 


4.0 


1.3 


1.3 


0.04 


0.003 


0 


0 


0 


0.18 


Ex. of the invention 


6 


4.0 


1.3 


2.7 


0.05 


0.004 


0 


0.10 


0.15 


0 


Ex. of the invention 


7 


5.3 


1.5 


2.3 


0.02 


0.002 


0.25 


0.18 


0 


0 


Comparative Example 1 


8 


2.5 


1.0 


1.8 


0.03 


0.003 


0 


0 


0.21 


0 


Comparative Example 1 


9 


3.8 


0.3 


2.1 


0.03 


0.002 


0.30 


0.12 


0.14 


0 


Comparative Example 1 


10 


3.7 


2.4 


1.8 


0.04 


0.003 


0.26 


0.12 


0.11 


0.08 


Comparative Example 1 


11 


4.1 


1.2 


0.6 


0.04 


0.003 


0 


0 


0 


0.19 


Comparative Example 1 


12 


4.2 


1.5 


3.2 


0.03 


0.002 


0 


0.08 


0.17 


0 


Comparative Example 5 


13 


4.7 


1.4 


2.2 


0.02 


0.002 


0 


0 


0 


0.04 


Comparative Example 2 


14 


6.4 


0 


0 


0.04 


0.003 


0.35 


0.12 


0.18 


0 


2219 alloy 
Comparative Exam 3 


15 


1.6 


2.5 


5.8 


0.02 


0.004 


0 


0 


0 


0.21 


7075 alloy 
Comparative Example 4 
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Table 3 



Alloy No. 


Weld crack rate (%) 


Remarks 


1 


42 


Invention 


2 


37 


Invention 


3 


40 


Invention 


.4 


43 


Invention 


5 


40 


Invention 


6 


35 


Invention 


12 


58 


Cornp . Ex . 5 


13 


65 


Comp . Ex . 2 


14 


40 


Comp. Ex, 3 


15 


81 


Comp. Ex. 4 



[Example 2] 

Next, influence of the temperature of liquefying 
process will be explained. 

Alloy No. 3 of the present invention used in Example 
1 was ingoted and rolled under the same conditions in 
Example 1 and subjected to liquefying process with a 
temperature in the range from 400 to 500 degree C. Then, 
the resulting alloy was subjected to ageing treatment 
with 140 degree C X 96h (hours) to examine tensile 
characteristic. The result is shown Fig. 1. 

As shown in Fig. 1, solid solution of each precipitated 
element for enhancement is not occurred enough and its 
strength after ageing is low. On the other hand, when 
the temperature of liquefying process is over 540 
degree C, partial dissolution of a material is 
occurred to deteriorate ductility. Therefore, it has 
been found that liquefying process should be performed 
in a temperature in the range from 4 8 0 to 54 0 degree 
C . 

[Example 3] 

Next, influence of ageing treatment will be explained. 

Alloy No. 1 of the present invention and alloy No. 3 
of the present invention used in Example 1 were ingoted 
and rolled under the same conditions in Example 1 and 
subjected to liquefying process with a temperature 530 
degree C for alloy No. 1 and 510 degree C for alloy 
No. 3. Then, the resulting alloys were subjected to 



cold working by partial pulling and ageing treatment 
under the conditions shown in Table 4. 

As the result, Examples 1 to 7 of the present invention 
which were aged by a temperature in the range of the 
present invention were reached to the strength enough 
for practical use within 96 hours with or without 
performing cold working. Moreover, alloy No. 4 of the 
present invention that has been subjected to two step 
ageing treatment without performing cold working 
reached to the practical strength in shorter time, 
providing good economic effect, compared with the case 
of one step ageing. On the other hand, Comparative 
Example 6 that has been subjected to ageing treatment 
by a temperature lower than the lower limit of the range 
of the present invention took long time to be hardened. 
Moreover, Comparative Examples 7 to 9 that has been 
subjected to ageing treatment by a temperature higher 
than the upper limit of the range of the present 
invention rapidly hardened and softened, therefore, 
it was difficult to produce an alloy material having 
stable quality. 



Table 4 



Alloy 
No. 


Cold 
working 
(%) 


Ageing 
treatment 
(°C x h) 


TS 

( room temp . ) 
(kgf /mm 2 ) 


Remarks 


1 


0 


170 X 24 


48.5 


Ex. 1 of the 
invention 


3 


0 


170 X 24 


46.8 


Ex. 2 of the 
invention 


3 


0 


140 X 96 


47 . 5 


Ex. 3 of the 
invention 


3 


0 


140 X 8 + 170 X 
8 


48.8 


Ex. 4 of the 
invention 


3 


4 


170 X 24 


47.2 


Ex. 5 of the 
invention 


3 


4 


140 X 6 + 170 X 
3 + 140 X 5 


51.1 


Ex. 6 of the 
invention 


3 


4 


140 X 6 + 170 X 
7 


49.0 


Ex. 7 of the 
invention 


3 


4 


120 X 96 


40.1 


Comp . Ex . 6 


3. 


4 


210 X 4 


51.0 


Comp . Ex . 7 


3 


. 4 


210 X 8 


48.8 


Comp . Ex . 8 


3 


4 


210 X 16 


42.1 


Comp . Ex . 9 



[Example 4] 

Next, influence of cold working will be explained. 

Alloy No. 1 of the present invention used in Example 
1 was ingoted and rolled under the same conditions in 
Example 1 and subjected to liquefying process by the 
temperature of 530 degree C and cold working bypulling, 
then, ageing treat me nt by the temperature of 17 0 



degree C to determine the strength of the alloy 
material after applying ageing treatment. The result 
is shown in Fig . 2 . 

As shown in Fig. 2, it is found that when cold working 
is applied, enhancement can be obtained and cold 
working after liquefying process is effective to 
increase strength. Moreover, it is found that when 
cold working rate is over 8 %, the effect thereof is 
saturated . 

[Effect of the Invention] 

As described in above, the present invention can 
provide aluminum alloy materials excellent in 
weldability and having high strength that are 
industrially useful and effective. 

4. Brief Description of Drawings 

Fig. 1 is a graph showing the relation among 
temperature of liquefying process, strength and 
toughness. Fig. 2 is a graph showing the relation 
between cold working rate after liquefying process and 
strength. Fig. 3 is a schematic side view of a fish 
bone test piece. 
In drawings : 
1 : cut 

2: fish bone test piece 

Applicant : NKK Corp . 
Attorney: SHIOYA, 
Natsuc 
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